ABSTRACT: Increased attention has been paid to the influence of coal mining subsidence on ecological environment. Restoration of ecosystem in damaged mining area is critical for restoring disturbed environment. The comparing of plant communities and microbial communities in the artificial restoration and natural restoration areas provides an effective method for evaluating the restoration effects. However, such studies are limited in coal mining subsidence restoration areas.
Introduction
Large scale coal mining is contributing to deterioration of the ecosystem structure and function of the mining area (Ermite et al., 2004) , especially in arid and semi-arid areas. Human beings have taken a series of measures to restore the service function of the destroyed ecosystem after coal mining completion. Re-vegetation is one of the major measures adopted for ecological environment management in mining area (Darina et al., 2003; Sheoran et al., 2010; Tordoff et al., 2000) . Recently, the focus of coal resources mining is shifted to the west China, which makes the fragile ecological environment under very severe pressure and poses a great threat to the sustainable development of mining area economy (Shi et al., 2009; Qian, 2011) . Under the background of sustainable development, ecological restoration in mining area has become a very urgent task. Maintaining the sustainable exploitation of mineral resources and land use has become the key development theme of the world mining countries (Worrall et al., 2009) . In order to improve the ecological restoration effect of coal mining subsidence area and provide theoretical guidance for land reclamation and re-vegetation, it is necessary to investigate the effect of vegetation and soil restoration in subsidence area.
Essence of the restoration in coal mining subsidence area is to compensate for the disturbance of ecological system, to reduce the adverse effects on the environment and to make it safe for the ecological restoration of mines is often neglected by human beings. Comparing the similarity of the microbial community in the artificial restoration area and the natural restoration area, as a measure of ecological performance, is scarce and beneficial to provide a scientific theoretical guidance for ecological restoration in the mining area.
Shendong coal mine is the largest and most important coal base in semi-arid area of western China, serious ecological environment damage caused by coal mining subsidence. In order to restore the ecological environment, a series of restoration measures have been adopted, and many recovery areas are distributed in the mining area. In order to provide a theoretical basis for the sustainable development of the mine, it is necessary to compare plant and microbial communities between a coal mining subsidence and a natural restoration topsoil area. Based on this, the microbial and vegetation community characteristics, and soil site conditions in the restoration area were investigated. The aims of this study were (1) to investigate the similarity of soil properties, plant and microbial communities between an artificial restoration and a natural restoration topsoil in coal mining subsidence area; (2) to analyze the potential driving factors of soil bacterial communities between the artificial restoration area and the natural restoration surface soil area. c Natural restoration of landforms)
Soil sampling
There were total 13 representative plots (10 m  10 m) distributed in two study areas, 7 plots for AR and 6 plots for NR. 5 small quadrats (1 m  1 m) were randomly arranged in each plot.
Sites AR and NR were the earliest sites restored in 1997, and have been subjected to the longest succession period among all sites. In order to obtain the initial soil properties data, soil moisture content, nitrogen and phosphorus, etc. were collected in selected sites. According to Chen et al. (2017) study, these essential soil properties may affect microbial communities similar to all sites. sampling sites was recorded by a portable global position system (GPS) (eTrex Venture, Garmin, Lenexa, KS, USA). Removing litter from the soil surface before sampling, and then soil samples were collected at a depth between 5 and 30 cm, with three replicates at each small quadrat (Chen et al., 2017) . If the soil has been turned, it should be a little deeper to avoid microbial contamination in the air. In addition, soil samples were collected, mixed and preserved in an aseptic bag (about 50 g). Samples were stored in prepared ice boxes, transferred to the laboratory within two hours, and stored at -20°C prior to microbial species testing. The samples collected from AR were labeled as AR_1, AR_2, AR_3, AR_4, AR_5 AR_6and AR_7, while these from NR were labeled as NR_1, NR_2, NR_3, NR_4, NR_5 and NR_6.
Soil microbial community analysis
(1) DNA extraction and purification
The soil samples in each aseptic bag was mixed well and homogenized. Genomic DNA was extracted from 0.5g soil using E.Z.N.A Soil DNA Kit (Life Technologies, Carlsbad, USA).. DNA concentration and purity were detected by NanoDrop -2000 micro spectrophotometer, and Using 1% agarose gel to detect DNA integrity. The qualified samples were kept in a -20 °C refrigerator.
(2) Microbial 16S rRNA gene amplification
In order to analyze the differences of soil microbial communities in two plots, the bacterial 16S rRNA gene was amplified using polymerase chain reaction (PCR). After purified DNA was used as a template, 16S rRNA was amplified with a universal bacterial forward primer 515F (5′-GTGCCAGCMGCCGCGG-3′) and reverse primer R907 (5′-CCGTCAATTCMTTTRAGTTT-3′). and species taxonomic analysis were conducted after distinguishing samples, and diversity index analysis and OTU cluster analysis could be carried out based on OTU.
Soil physical and chemical properties analyses
Samples, sieved through 0.2 mm mesh, should be air-dried naturally for at least one week before determination of soil properties, and stored in a refrigerator with 4°C prior to further analyses. Soil moisture content (MC) was measured using a ML3X soil moisture tester (Delta-T, Inc., UK) (three replicates). Soil bulk density (BD) was measured using cutting ring method. Soil pH and electrical conductivity (EC) were measured using a pH meter (Origin Research Inc.) and an electrical conductivity meter (LF 330/SET, WTW), respectively. Soil organic matter (OM) was measured using the method described in (Sparks et al., 2009 ) and (Chen et al., 2017) .
The determination of soil chemical properties, such as total nitrogen (TN), phosphorus (TP), potassium (TK), copper (Cu), iron (Fe), manganese (Mn), lead (Pb) and zinc (Zn), refers to the methods described in (Chen et al., 2017; Sparks et al., 1996) . For TN and TP, 0.5 g of sieved soil was digested using the Kjeldahl method and the semi-micro Kjeldahl method, and followed by the Molybdenum-blue method and the Indophenol-blue method, respectively. Extractable N and P were determined using the Molybdenum-blue method and the Indophenol-blue method, respectively (Chen et al., 2017) . For total Cu, Fe, Mn, Pb, Zn and K, 0.5 g of sieved soil was digested concentrated hydrofluoric acid and nitrite acid, and analyzed using atomic absorption spectrophotometry analysis (SpectrAA 220FS, Varian). For extractable Cu, Fe, Mn, Pb, Zn and K, 0.5 g of sieved soil was analyzed using atomic absorption spectrophotometry analysis (SpectrAA 220FS, Varian) (Chen et al., 2017) .
Plant properties analyses
Plant survey was conducted in quadrat of each plot, which was described in 2.2 detailedly.
All the plants in the quadrat were record and identified at species level. Species identification followed Chang and Liu (2010) . Parameters of plant community characteristics, such as relative canopy cover (RC), important value (IV), relative density (RDe), relative dominance (RDo), and relative frequency (RF) were calculated for plant communities within quadrats. In order to compare similarity of the species composition in different restoration plots, Jaccard index (JI), Dice index (DI) and Ochiai index (OI) were also calculated. The calculation of these parameters was detailedly described in article (Hazarika, 2013; Song, 2008) .
Vegetation coverage was also calculated in two study sites. In this paper, Landsat satellite remote sensing images from 2003 to 2017 were selected. Image data (path 127/row 33) was downloaded from the U.S. Geological Survey (USGS) data platform. Detailed information on remote sensing images was described in Zhang et al., 2015 . The vegetation cover index was calculated using the methods described by Sun et al., 2016 .
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Data analysis
The data of soil properties was summarized using mean values. (Carriço et al., 2005; Legendre and Legendre, 1998) . Canonical correspondence analysis (CCA, unimodal response function assumed) was conducted using Canoco (version 4.5) (Scasta et al., 2012) . The soil variables included in the CCA were selected by judging the variance inflation factors (VIF) which were calculated to detect the multicollinearity during regression analysis (Hyvärinen and Kauppi, 1992; Ramette, 2007) .
Results

Soil properties
Significant differences (p<0.05) among AR and NR were observed in soil properties, such as BD, TP and extractable N. Significant differences (p<0.01) among AR and NR were observed in soil properties including EC, MC, TOC, OM, extractable P, extractable K, total Cu, extractable Cu, Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 August 2018 doi:10.20944/preprints201808.0073.v1
extractable Pb, total Zn and extractable Zn (Table 1) . Lower pH, BD, TN, total Cu, extractable Cu and total Pb were observed in soil from AR, whereas there was higher EC, MC, OM, extractable N, total P, extractable P, total K, extractable K, total Zn and extractable Zn, when compared with soil from NR.
Soil MC, pH value and OM were important factors to control microbial community (Van Horn et al., 2013) . Soil MC was positively related to microbial activity, and increasing water content can effectively improve microbial activity (Fu et al., 2009; Sha et al., 2013) . The MC collected from AR was 10.59%, compared with 7.43% from NR (Table 1) . Compared with other soil properties, such as latitude, temperature, organic carbon, C:N ratio, soil pH was the best predictor of soil bacterial community composition (Feng et al., 2014) . The soil pH in AR was 8.34, compared with 8.92 in NR. The soil microbial diversity was highest when the pH value was about 7 (Chen et al., 2017) . Organic matter, including plant residues, animal residues and root exudates, is the major source of microbial consumption (Parton et al., 2015) . In alkaline soil, there was a negative correlation between organic matter content and pH value . The OM of the soil from AR (8.75%) was high than from NR (4.72%). Higher soil MC, OM and lower pH value were mainly associated with higher vegetation coverage in AR. On the one hand, the higher vegetation coverage was beneficial to soil water conservation, on the other hand, more broken branches and fallen leaves were produced on the ground surface, and the organic matter content was higher, which is beneficial to the reduction of pH value. (Xiaofen et al., 2013; Guo et al., 2013; Liu, 2011) . However, planting large amounts of these plants may reduce species diversity later and may also affect the food web (Chen et al., 2017) . The time-series remotely sensed imagery in Landsat series provided good data sources for dynamic analysis of vegetation coverage in restoration areas (Zhang et al., 2015) . According to formula (1) and (2), vegetation coverage in the restoration area was calculated (Fig. 2) . Because the vegetation in the study area grew best from August to September, this paper listed vegetation cover maps in August or September from 2003 to 2017 (some years were not listed, because the amount of cloud cover was too high for remote sensing images in this month, so it was not suitable for vegetation cover calculation). On the whole from significantly improved, and the vegetation restoration in the damaged mining area in this area has got some achievements. Notably, in both AR and NR areas in August 2010, vegetation coverage was relatively low, which possibly related to climatic conditions at that time, such as rainfall (Fensham et al., 2005) . 
Soil microbial communities properties
The major phyla composition derived from the soil collected at AR and NR was shown in structure and dominant microbial groups in the soil of the study areas, which was consistent with many reports (Ren, 2017; Xu, 2011; Chen et al., 2017) . This indicated that these floras had extensive adaptability to environment and played an important role in ecosystem. In addition, about 2.87% of all sequences were not assigned to any of the existing phyla, indicating the presence of non-recognized microbial resources in the region. diversity and richness in different plots. At sites AR, 17 plant species, with canopy coverage of 74.12%, were found in the plot, while 14 plant species and with canopy cover of 53.36% were recorded for NR. Probably the more plant species, the more broken branches and fallen leaves, the higher the soil organic matter content (Table 1) , providing a more abundant source of energy for the growth of microbial (Parton et al., 2015) . A different conclusion was drawn by Chen et al. (2017) , showing that there was no clear relationship between plant diversity and soil microbial diversity. This may be related to plant canopy coverage in this study. According to the results of Zak et al. (2003) , the biomass of microbial communities increased with the increase of plant diversity. The pH in AR (8.34 ± 0.57) was lower than that in NR (8.82 ± 0.68). Based on previous findings, pH was a key factor controlling the structure of soil microbial communities (Chen et al., 2017) , and pH values closer to 7 showed an increased phylotype diversity (Fierer and Jackson, 2006) . In addition, according to Horn et al. (2013) research, soil microbial community diversity was also significantly related to soil MC, pH and OM.
The application of cluster analysis to construct different sampling areas of microbial community cluster heatmaps (Fig.5 ) and describe the similarities and differences between AR and NR of the soil microbial community structure. According to the clustering heatmaps showed that all samples of soil microbial community structure clustered into two clusters. AR_1, AR_2, AR_3, AR_4, AR_5 AR_6 and AR_7, were divided into a large cluster, NR_1, NR_2, NR_3, NR_4, NR_5 and NR_6 were divided into a large cluster. From Fig.5 , the difference of bacterial community structure was mainly reflected in Acidobacteria, Actinobacteria, Chloroflexi, Cyanobacteria, Proteobacteria and Nitrospirae, this result was basically consistent with the 
Potential driving factors on soil microbial communities
A recent study attempted to investigate the factors controlling the soil microbial community structure and composition, and it was shown that these were significantly related with soil and vegetation properties (Cong et al., 2015) . Nutrient elements, soil moisture, organic matter content and pH were different in different soil samples (Table 1) . Different plant species and communities had different canopy coverage and rooting depth, and the quality and quantity of the broken Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 August 2018 doi:10.20944/preprints201808.0073.v1
branches and fallen leaves were also different (Garbeva et al., 2006; Chen et al., 2017; Cong et al., 2015; Zak et al., 2003) . Soil MC was one of the important factors that affected the structure and composition of soil microbial (Sha et al., 2013; Fu et al., 2009 ). The higher RC in AR (74.12%) (due to human intervention: vegetation reconstruction and rehabilitation) than NR (63.94%) was one of the reasons that led to higher soil MC in AR( Table 2 ). The number of soil microbial community decreased with the increase of bulk density ). In the compacted soil with larger BD, the decrease of its nutrient availability was one of the reasons for the change of soil microbial number and activity (Dick et al., 1988) . Extractable N was the main nutrient in the process of ecosystem and TP and Extractable P were closely related to plant mycorrhizal symbiosis (Bonfante and Genre, 2010; Chen et al., 2017) . According to the analysis in the former sections, OM, positively correlated with TOC, and pH were important soil factors for controlling microbial community and structure. Consequently, these soil properties were used for canonical corresponding analysis (CCA) to investigate potential influence factors on soil microbial communities (Fig.6) .
Preprints ( As can be seen from Figure 6 , soil samples, collected from different sites, were separated into two groups, one for AR and the other for NR (Fig.6 ). The potential soil factors influencing the soil microbial community mainly included pH, BD, and TN for bacteria in AR; and OM, TOC, and MC for microbial in NR, based on corresponding arrows direction and magnitude in CCA (Fig.6 ),
indicating that these were important soil factors for explicating the differences between the microbial communities from the two studied areas. Soil microbial communities and structure from NR were positively correlated with MC (P < 0.05, Fig.6 ). Similar results were found by Cong et al. (2015) , who showed that soil moisture content could influence soil microbial communities and control microbial activity across a range of environments, such as saline water, food, wood, Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 August 2018 doi:10.20944/preprints201808.0073.v1
biofilms, and soils. Another study also pointed out that low soil water content can cause decreasing of intracellular water potential and enzyme activity, and resulting in inhibition of microbial activity (Stark et al., 1995) . Because the vegetation coverage and diversity in the AR were higher than those of NR, the soil MC of AR was expected to be higher than that of NR (Table 1 ). This involved the interaction between soil water content, soil microbial activity and vegetation characteristics. Undoubtedly, soil moisture was the most important limiting factor for the ecological restoration of semi-arid mining area on the Loess plateau . Soil microbial communities and structure from AR were negatively correlated with pH (P < 0.05, Fig.6 ). The soil was alkaline in the study area. The pH value in AR (8.34 ± 0.57) was lower than that in NR (8.92 ± 0.68). Studies pointed out that the pH closer to 7 showed an increased phylotype diversity (Chen et al., 2017; Fierer and Jackson, 2006) .
In addition to soil MC, BD, total N, and TOC were important factors affecting the microbial community (Chen et al., 2017; Bonfante and Genre, 2010) . It was important to understand the effects of these properties on soil microbial diversity and abundance. The result of CCA showed that OM and TOC were positively correlated with bacterial communities (P < 0.05, Fig.6 ). And the OM (8.75±4.24) and TOC (16.89±4.21) in AR were higher than those in in NR (4.72±2.04 and 9.54±3.74). This was probably explained by plant species and their communities, for which canopy density, rooting depth and litter quality / quantity were different (Cong et al., 2015; Chen et al., 2017) . Microorganisms were involved in the decomposition of plant litter, and changes in the quality and quantity of litter led to differences in soil TOC and OM (Sariyildiz and Anderson, 2003) . Morever, soil pH affected soil OM by affecting the activity of microorganisms (Cheng et al., 2014). In our study, soil pH was lower in AR indicated that the higher the microbial activity, the more conducive to the decomposition of plant residual leaves, resulting in higher soil organic matter content (Table 1) . This was one of the reasons for the different soil N content (Cong et al., 2015) , although no distinct relationship between N content and plant cover and diversity in this study. In Fig.4 , soil BD was negatively correlated with microbial communities (P < 0.05). The BD in AR (1.49±0.13) was lower than that in NR (1.60±0.11) ( Table 1 ). According to Dick et al., (1988) , the greater soil BD, the greater soil compaction, and led to lower soil nutrient availability.
However, the number and activity of soil microbial are closely related to the availability of soil nutrients.
Notably, the concentrations of total Zn and extractable Zn in soil from AR were significantly higher than those in NR (Table 1) . Some studies had pointed out that the effect of the concentration of extractable Zn on the growth of microbial was greater than that of total Zn in soil (Saeki et al., 2002; Chen et al., 2017) . Another study showed that extractable Zn began to affect microbial growth at concentrations of about 130 mg kg -1 (Diazravina and Baath, 1996 ) of this study was far less than 130 mg kg -1 . Therefore, the concentration of Zn in soil had little influence on the soil microbial community in the study area.
The restoration of damaged ecosystems was a long process. And the ecosystem has always been in a dynamic process. In the early stage of coal mining in China, excessive attention to coal production led to severe damage to the mine environment (Wang, 2007) , such as surface subsidence Liu et al., 2013) , soil erosion (Wang and Wang, 2001) , vegetation damage Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 August 2018 doi:10.20944/preprints201808.0073.v1 (Li et al., 2006; , etc. With the proposing of the sustainable development strategy of the Chinese government and the improvement of the environmental awareness of the country, a series of measures are put forward for the ecological restoration of the mine, including revegetation, and good results had been achieved (Zhang et al., 2007) . It is very important to assess the similarity of soil -vegetation -microorganisms in the damaged mine restoration area and to study the influence of key soil properties on vegetation and microbial communities and overall development trend. This can provide theoretical guidance for more scientific ecological restoration in the damaged mining area. In this study, the soil microbial community diversity and structure were obtained by high throughput sequencing. However, it is still difficult to explain which bacteria play a decisive role in the ecological restoration of the mine.
Conclusions
The ecological restoration of Shendong mining area in 14 years has made some achievements.
The bacterial community diversity and plant species in the artificial restoration area were higher than those in the natural area. This was mainly related to the introduction of ecological restoration species, which had stronger adaptability and drought tolerance than native species. After three years of artificial restoration, the vegetation coverage began to be higher than that in the natural restoration area, and the growth rate of vegetation coverage was significantly higher than that of the natural restoration area under the influence of artificial intervention. However, the soil and vegetation properties, microbial community diversity and structure in the ecological restoration area of coal mining subsidence are still somewhat different from the natural restoration ecosystem.
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need to be recognized. Soil factors, such as pH, OM, TOC, BD, MC, and N have a greater impact on microbial community structure and diversity. The artificial intervention speeds up the recovery of damaged mines. Further studies will focus on which kinds of microbial have important impacts on ecological restoration in the mining area and the interaction among the plant -soil -microbial in the mining area.
